Fourteen soil bacteriophages active against Rhizobium trifolii W19 have been studied which fall into four structural groups. Group 1 phages have contractile tails. Some particles show double base plates to which at least three spikes are attached, and fibers are attached to the base plates. Group 2 phages also have contractile tails. At least five spikes are attached to the base plate, and there are spherical bodies adjacent to the tail, at the ends of fibers attached to the tail base. Group 3 phages have contractile tails, but are larger than phages of groups 1 and 2. The end of the tail has a complex structure. Group 4 phages have long, noncontractile tails.
Fourteen soil bacteriophages active against Rhizobium trifolii W19 have been studied which fall into four structural groups. Group 1 phages have contractile tails. Some particles show double base plates to which at least three spikes are attached, and fibers are attached to the base plates. Group 2 phages also have contractile tails. At least five spikes are attached to the base plate, and there are spherical bodies adjacent to the tail, at the ends of fibers attached to the tail base. Group 3 phages have contractile tails, but are larger than phages of groups 1 and 2. The end of the tail has a complex structure. Group 4 phages have long, noncontractile tails.
Phages c and I of group 1 and phages a and e of group 2 were chosen for further study. Single-step growth curves were plotted, and absorption constants were measured. The classification into groups was confirmed by using antiserum inactivation. Susceptibility of phage-resistant mutants of R. trifolii W19 to these bacteriophages was determined.
Studies of Rhizobium bacteriophages have centered mainly on the effect of the phages on their economically important hosts. Recently, however, rhizobiophages have been shown to possess several intrinsically interesting characteristics. Barnet (2) , in a study of the morphology of soil rhizobiophages active against R. trifolii strains, has shown that the phages could be divided into several distinct structural groups. Lotz and Mayer (5) have isolated a phage taillike bacteriocin from a strain of R. lupini. They have also described the structures of eight strains of phages active against R. lupini (6). Ley et al. (4) have described the structure and phage-induced enzymes of a R. leguminosarum phage.
This paper describes properties of some soil rhizobiophages active against a strain of R. trifolii. The study was undertaken in the hope that a model rhizobiophage system could be chosen for studies of a fundamental nature. Initially, fourteen soil rhizobiophages were examined by electron microscopy. Four of these were then chosen for more detailed study.
MATERIALS AND METHODS Host bacteria. All strain is particularly suitable for phage studies because it shows a relatively low level of gum production and clumping and a relatively fast growth rate. The medium used for growth of bacteria and phage was that designated GS-YC by Schwinghamer (6) , except that glucose was incorporated at the lower level of 0.1% to minimize gum formation. All cultures and plates were incubated at 29 C.
Phage. All of the fourteen phages used were isolated from soil in the manner described by Staniewski et al. (7) . The general techniques used in phage experiments were as described by Adams (1). Lysates were prepared by the confluent lysis method and were stored over chloroform at 4 C. Phage assays were carried out by the double agar layer method, and plaques were visible after 48 h of incubation at 29 C. Adsorption constants were measured by assaying unadsorbed phage at various times after infection, the bacteria having been inactivated with chloroform. Single-step growth curves were plotted by assaying infective centers in an infected culture of bacteria at various times after infection.
Electron microscopy. High titer (> 1010 PFU/ml) phage lysates were purified by three cycles of lowspeed (12,000 x g for 20 min) followed by high-speed (80,000 x g for 2 h) centrifugation. Pellets were suspended in 0.1 M ammonium acetate at approximately the same concentration. Samples were negatively stained with 3% phosphotungstic acid adjusted to pH 7.5 with normal potassium hydroxide. One drop of phage suspension was first mixed with one drop of negative strain on a glass slide. A carbon-coated copper grid was then floated face down on this mixture and withdrawn. Excess liquid was removed ATKINS from the grid with a wedge of filter paper. After being allowed to dry, the grid was viewed by using bacteria. Growth of the bacteria was scored after 48 h of incubation at 29 C.
Antiserum. Rabbits were subcutaneously injected with 5-ml quantities of a high-titer (> 1010 PFU/ml) phage lysate twice a week for a period of 3 weeks. One week later they were bled by slitting the marginal ear vein. The serum was diluted 1:10 into GS-YC liquid medium, sterilized by filtration, and stored in a freezer until used. Constants for the inactivation of phage by antiserum were measured as described by Adams (1) . RESULTS Phage structure. The phages can be divided into four sharply-defined groups on the basis of their structure and dimensions as viewed in the electron microscope (Table 1) . Phages within each structural group have indistinguishable structures and dimensions.
Group 1 phages have contractile tails (Fig.  1D) . Particles in purified samples have empty heads, but full heads are observed in unpurified samples (Fig. 1A) . A distinct neck region is present between head and tail, and the distal region of the tail has a complex structure. Most particles show no clear definition of structure at the distal end of the tail. On some, however, at least three spikes are seen attached to a base plate (Fig. 1B, C) . The latter is occasionally seen to have a double structure (Fig. 1C) , which is also observed on contracted particles (Fig.  1D) . Fibers are attached to the base plate (Fig.  1B) .
Group 2 phages also have contractile tails (Fig. 2B) . The heads in specimens prepared for electron microscopy are invariably empty. A neck region between head and tail can be distinguished. The tail has a base plate at the distal end to which at least five spikes are attached ( Fig. 2A) . Fibers extend back from the base plate adjacent to the sheath and terminate in spherical bodies.
Group 3 phages also have contractile tails (Fig. 3C ), but are larger than phages of groups 1 and 2. Most particles observed in the electron microscope are fragmented, but some intact particles are seen (Fig. 3A) . In some particles, the head is seen to have fragmented and released a fibrous substance, presumably DNA (Fig. 3B) . The distal region of the tail has a complex structure, the details of which are difficult to resolve.
Phages of group 4 have long, noncontractile tails (Fig. 4) . In specimens prepared for electron microscopy, phage heads were invariably empty and rarely had tails attached. Large numbers of isolated heads and tails were observed. A neck region incorporating a collar is present between head and tail (Fig. 4B) . No Phages of structural group 4 showed confluent growth of bacteria under these conditions. Growth characteristics. Phages c and I of group 1, and a and e of group 2. were chosen as most suitable for further study. Single-step growth curves for these phages at 29 C are shown in Fig. 5 . The average burst size for phage I was larger than that for the other phages. Phage c adsorbed at a faster rate than did the other phages at 29 C (Table 2) .
Inactivation by antiserum. Phages a and e were inactivated by both anti-a and anti-e sera, and phages c and I were inactivated by both anti-c and anti-I sera (Table 3 ). This confirms the evidence from electron microscopy that i .-b.1-phage e at a faster rate than the homologous phage a. This effect has been noted before for rhizobiophages (7) .
Bacterial phage resistance. Phage-resistant derivatives of W19 selected for resistance to either of the group 2 phages tested also showed resistance to the other member of the group, but not to the group 1 phages. However, bacteria resistant to phage c (group 1) did not show resistance to either phage I (group 1) or phages a or e (group 2). No phage-resistant mutants of W19 resistant to phage I could be found. 
DISCUSSION

